Abstract Pathogenesis of coronary artery disease (CAD) is multi-factorial and several conventional risk factors have been ascribed; LDL-C being one of the important risk factor. However Indian population studies with established CAD often show LDL levels within normal range in patients with proven CAD. We hypothesized that Small dense low density lipoprotein (sdLDL) being more atherogenic might correlate more strongly to the occurrence and severity of CAD. The aim of the study was to evaluate the association between serum small dense LDL level and angiographically documented coronary artery disease. This is a cross sectional case control study in which sdLDL were measured in 126 patients with CAD and in 64 patients without CAD. Total cholesterol, HDL Cholesterol, LDL cholesterol and triglycerides were measured by standard methods along with other traditional risk factors. Direct quantitative measurement of sdLDL was done by enzymatic analysis. Mean sdLDL level was higher in patients with coronary stenosis than patients without coronary stenosis (16.3 ± 6.8 vs. 10.1 ± 5.7 mg/dL respectively, (p \ 0.001). There was significant correlation between mean sdLDL and severity of CAD as assessed by syntax score with mean sdLDL level in low, intermediate and high syntax score being 15.0 ± 5.8, 20.1 ± 6.7 and 22.7 ± 7.3 mg/dL respectively (p value \0.001). A cut off value of 10.02 mg/dL was associated with presence of CAD (95 % CI 0.82-0.93, p \ 0.001) using ROC curve. In conclusion Indian patients with established CAD have higher sdLDL levels compared to individuals without CAD despite having comparable LDL levels.
Introduction
Dyslipidemia has been established as one of the known risk factors for the development of coronary artery disease (CAD) [1, 2] . High levels of plasma low density lipoprotein (LDL-C) concentrations are directly correlated with the development of CAD. However several Indian studies and Western studies on Asian Indians have shown normal LDL-C levels in patients with CAD [3, 4] .
LDL-C particles are heterogeneous due to their variations in size, density, and lipid composition [5] . Two evident phenotypes have been recognised using gradient gel electrophoresis viz phenotype A consisting of large buoyant LDL particles with size more than 25.5 nm and phenotype B consisting of small dense LDL (sdLDL) with size 25.5 nm or less [6] . Small dense LDL is considered to be more atherogenic because it readily penetrates the arterial wall and has increased affinity for LDL receptor. It is also more susceptible to oxidation. Several studies have examined the relationship between sdLDL and CAD using gradient gel electrophoresis to determine peak particle size and have found that CAD risk was increased two to threefold in patients with higher sdLDL [7, 8] . Recently, a study evaluated a new automated enzymatic method (DENKA SEIKEN) to determine sdLDL levels and showed association between sdLDL-C and CAD events independent of LDL-C levels [9] . Data pertaining to relationship of LDL particle size and coronary artery disease occurrence is however limited in the Indian population. The aim of the present study was therefore to investigate if the small dense LDL could be a better risk determinant for angiographically proven CAD than traditional total LDL.
Materials and Methods

Subjects
This study was planned as an observational, single centre, cross sectional case control study. Consecutive patients undergoing diagnostic coronary angiography in our institute during period of January 2013 to December 2013 for suspected CAD were prospectively screened. All patients gave informed consent for participation in the study and the study protocol was approved by the institutional ethics committee. The subjects underwent coronary angiography as per clinical need for suspected CAD with one or more of the following indications viz angina like chest pain, shortness of breath resting or exercise ECG abnormality. Patients on statin therapy, acute or chronic renal failure, thyroid disorders, acute infections, stroke, and diabetic ketoacidosis were excluded from the study. The subjects were then divided into two groups depending on the findings on the coronary angiogram:
1. Positive for CAD (Group 1)-if one or more coronary vessel with diameter stenosis of C50 % was detected (Coronary Artery Disease).
Negative for CAD (Group 2 A)-normal coronary
arteries with no obstruction detected on coronary angiography (Normal).
Out of 188 screened patients, 38 patients were excluded because of having minimal CAD (stenosis 30-50 %) which fall neither in CAD group nor normal coronary group, underlying renal dysfunction, thyroid disorder, conventional lipid profile not known, triglycerides level[400 mg/ dL or inadequate sample collection. 150 patients were included for the final analysis.
Forty healthy volunteers without any history or suspicion for CAD formed the control group (Group 2B). Healthy volunteers were selected from within the staff of the hospital that were otherwise healthy, not a known coronary artery disease and not on any medication for chronic illness. The inclusion criteria for this group were non hypertensive, normal oral glucose tolerance test (OGTT) with normal resting 12 lead ECG and absence of history of angina or myocardial infarction or other risk factors for CAD.
Blood Collection
Blood samples were collected after overnight fasting. Samples were taken in sterile tubes for lipids (total cholesterol, LDL-C, HDL-C, triglyceride) and fasting blood sugar measurement. 4 mL of fasting blood sample was stored at -80°C for measurement of sdLDL.
Plasma Lipid Analysis
Total cholesterol (TC), HDL-C and triglyceride (TG) were measured by an automated enzymatic technique using a Hitachi 917 autoanalyser from Roche diagnostics. LDL-C was calculated using the Friedewald equation [10] : LDL-C = TC -(TG/5) -HDL-C. Friedewald equation is inaccurate at higher TG levels, therefore subjects with TG of [400 mg/dL were excluded from the LDL analysis.
Method of Estimation of sdLDL
Direct quantitative determination of sdLDL assay was done using LDL-EX ''SEIKEN'' reagent kits (from Randox laboratories, DENKA SEIKEN UK LTD, United Kingdom). The sdLDL-EX ''SEIKEN'' is a simple method for the quantitative determination of small dense LDL and consists of two steps viz first step is to filter out large buoyant LDL and other apoB-containing lipoproteins by forming aggregates with the polyanion and divalent cation-based reagent. In the first step, non-sdLDL lipoproteins, that is, chylomicrons, VLDL, IDL, L LDL and HDL are decomposed by a surfactant and sphingomyelinase (SPC) in Reagent-1 that is reactive to those non-sdLDL lipoproteins. The cholesterol released from such non-sdLDL lipoproteins is then degraded to water and oxygen by the action of enzymes. Cholesterol ester is hydrolyzed by the cholesterol esterase (CHE) and then oxidized by the cholesterol oxidase (CO). Produced hydrogen peroxides are finally decomposed to water and oxygen by the catalase.
In the second step, another surfactant in Reagent-2 releases cholesterol only from sd LDL particles and cholesterol released from sdLDL is then subject to the enzymatic reactions. As catalase in the reaction mixture is inhibited by sodium azide in Reagent-2, hydrogen peroxides, produced from the reaction with the cholesterol esterase and cholesterol oxidase, then develop a purple-red colour with the coupler in the presence of peroxidase (POD). For standardisation of the test saline is used as the zero calibrator.
Angiographic Evaluation
Angiograms were analysed by operator blinded to results of lipid analysis. Angiographic CAD was defined as C50 % of diameter stenosis in any of the major epicardial coronary arteries [11] . Non CAD group was defined as normal coronaries on angiography. Those with mild disease or irregularities (30-50 % diameter stenosis) were excluded from the analysis. For assessing the severity of the coronary artery disease 'Syntax score calculator' was used [12] . The SYNTAX score is an angiographic grading tool to determine the complexity of coronary artery disease. The SYNTAX score is the sum of the points assigned to each individual lesion identified in the coronary tree with[50 % diameter narrowing in vessels [1.5 mm diameter.
Statistical Methods
Assuming a mean sdLDL level of about 30 ± 15 mg/dL in patients without CAD and 40 ± 15 % mg/dL with CAD and 1:2 ratio of inclusion with 95 % power and 5 % level of significance under two tail hypothesis for difference of means we required a minimum numbers of 135 subjects, 45 in No CAD and 90 in CAD group.
Descriptive values are presented as mean ± standard deviation (SD) for continuous variables and percentages for categorical variables. Student t test was used to compare mean values among two groups. Logistic regression analysis was performed to evaluate the association between angiographic CAD and sd-LDL levels. Furthermore, stepwise multivariate logistic regression analysis was performed for correlating several other risk factors for CAD and sdLDL-C levels. All analyses were conducted using SPSS 16 statistical software (SPSS Inc., Chicago, Illinois, USA). A p value \0.05 was considered statistically significant throughout the analysis. ROC curve was established to estimate a cut off value of sdLDL for its association with CAD, if any. For analysis purpose patients with angiographically proven CAD were defined as Group 1 and patients with normal coronaries (Group 2A) and healthy controls (Group 2B) were clubbed into Group 2.
Results
Baseline Characteristics
A total of 188 consecutive patients undergoing coronary angiography were prospectively screened for inclusion in the study and 150 were included in the final analysis. 40 healthy controls were also taken. Depending upon the angiography results patient were divided into two groups as described earlier. Chronic stable angina was present in 68 (54 %) patients, non-ST elevation myocardial infarction (NSTEMI) or unstable angina in 24 (19 %), while recent MI (within last 4 weeks) was present in 34 (27 %) in Group 1. Table 1 shows distribution of lipid levels and other conventional risk factors in the three groups. There was no significant difference in total cholesterol and LDL-C levels in the three groups. Serum triglyceride level was significantly higher and HDL-C level was significantly lower in patients positive for CAD. The mean sdLDL levels in patients positive for CAD and negative for CAD was 16.3 ± 6.8 mg/dL and 10.1 ± 5.7 mg/dL respectively. The sdLDL levels were significantly higher in CAD group (p \ 0.001).
Risk Factors of CAD
A univariate logistic regression analysis between different risk factors and presence of CAD was done ( Table 2) . The higher age, diabetes mellitus, hypertension, high triglycerides, low HDL and high sdLDL levels were significantly correlated with CAD. Interestingly, LDL levels were not significantly associated with CAD.
On multivariate logistic regression analysis higher age, high triglyceride and high sdLDL levels emerged as independent predictors for CAD. Diabetes mellitus, hypertension and low HDL levels did not prove to be independent predictors of CAD.
Correlation of sdLDL
A correlation between serum small dense LDL levels and other risk factors was done which showed high sdLDL levels to be associated with increasing age, male sex and higher triglyceride levels which were statistically significant. The mean level of sdLDL was lower in females than males (11.6 ± 5.9 mg/dL vs. 14.8 ± 7.2 mg/dL, p = 0.01). sdLDL levels were positively correlated with age (r = 0.37, p \ 0.001), male sex (r = 0.18, p = 0.01), serum triglyceride levels (r = 0.23, p = 0.002). There was negative correlation between sdLDL levels and HDL levels and smoking but was not statistically significant.
sdLDL Levels and severity of CAD
There was a graded and incremental trend observed between mean sdLDL levels and severity of coronary artery disease (Fig. 1) . The mean sdLDL was 8.5 ± 3.9 mg/dL in healthy control and 12.7 ± 7.1 mg/dL in patients with risk factors being taken for angiography but found to have normal coronaries as compared to single vessel disease, double vessel disease and triple vessel disease which was 14.3 ± 5.8, 16.1 ± 6.7 and 18.2 ± 7.3 mg/dL respectively with p value \0.0001. For assessing the severity of the CAD groups were further divided into 3 groups on the basis of syntax score. There was linear relationship between sdLDL levels and the syntax score. The mean sdLDL was 15.0 ± 6.1 mg/dL in low syntax score, 20.1 ± 8.0 mg/dL in intermediate syntax score and 22.7 ± 3.6 mg/dL in high syntax score. The trends suggested a linear relation between mean sdLDL levels and extend of disease.
Cut off value of sdLDL analysis by receiving operating curve (ROC) analysis (Fig. 2) revealed sdLDL level [10.02 mg/dL to be predictive of CAD with 82 % sensitivity and 83 % specificity. The area under the curve (AUC) was relatively high (AUC = 0.83, 95 % CI = 0.82-0.93, p \ 0.0001) suggestive of high sensitivity and specificity to predict association of sdLDL with CAD.
Discussion
Results of our study showed sdLDL as an independent risk factor for CAD. It showed patients with CAD had increased levels of triglyceride and reduced levels of HDL-C. There was no significant difference between LDL-C among three groups. sdLDL was significantly higher in patients with CAD. It has been reported that Asian Indians have a typical dyslipidemia characterized by high triglycerides and low HDL levels with near normal LDL cholesterol levels [3, 4] when compared to western population with high levels of LDL. Our patients in this study also had LDL levels largely within in normal range.
A few earlier studies [13, 14] compared small dense LDL distribution in migrant Indians and Europeans, but they showed contradictory results with one showing a higher frequency of small dense LDL in Indians [13] while the other reporting Indians to have larger LDL size [14] . However, both these studies merely looked at the frequency of LDL sub fractions in Indians and not specifically to its association with CAD. Atherogenicity of sdLDL is due to its high oxidizability owing to low cholesterol and high PUFA and ApoB content [5] .
This results in the reduction of LDL clearance by its receptors, with increased production of scavengers which triggers immunological changes resulting in atherosclerosis. Apart from increased atherogenesis, increased levels of sdLDL are associated with elevated fibrinogen and plasminogen activator inhibitor protein-1 (PAI-1) concentrations both of which are thrombogenic leading to increase event rates [15] . p<0.001 Fig. 1 Graded and incremental levels of mean sdLDL according to severity of coronary artery disease as assessed by syntax score Fig. 2 Receiver operating characteristics (ROC) curve for predicting presence of coronary artery disease, using data from the case-control crosssectional study described There was significant positive correlation between sdLDL with male sex, increasing age, triglyceride levels and a significant negative correlation with HDL levels. Females are expected to have lower levels of sdLDL due to lower levels of hepatic lipase activity in females [16] with our results being consistent. Earlier studies have also shown a positive association of triglyceride levels with sdLDL [17, 18] . The key abnormality leading to the generation of sdLDL is the development of mild to moderate hypertriglyceridemia [17] .
The mean sdLDL level was significantly higher in CAD patients as compared to those without CAD (16.3 ± 6.8 vs. 10.1 ± 5.7 mg/dL, p \ 0.001). These values are consistent with earlier study done in Indian population. CURES-8 showed mean sdLDL in patients without CAD to be 7.2 ± 6.8 mg/dL as compared to CAD patients with mean sdLDL of 16.7 ± 11.1 mg/dL [19] .
The effect of statin on sdLDL concentration is controversial. Statins do not effect particle composition but they do strongly effect the LDL concentration and the particle number. Statin therapy to lower overall LDL concentration is felt to be a very powerful intervention in terms of lowering atherosclerosis risks and preventing atherosclerotic events. Choi et al. [20] demonstrated that statin therapy reduces total LDL-C, absolute amounts of small, dense LDL, and absolute amounts of large, buoyant LDL but the proportion of sdLDL to total LDL is rather increased. Yoshino et al. [21] showed that rosuvastatin reduced plasma sdLDL and larger LDL, though the effect was markedly greater with the former. However, this effect was significant only in non-diabetic hypercholesterolemic patients.
We also tried to correlate sdLDL-cholesterol levels to the severity of coronary artery disease. The mean sdLDLcholesterol level increased with the number of coronary arteries affected and the syntax score [12] . It is similar to study by Toft-Petersen et al. [22] ; a case control study of 194 patients, which found that coronary stenosis was highly correlated with proportion of sdLDL-cholesterol.
Limitations of our study include firstly a small cohort of patients. Secondly, the possibility of occult coronary artery disease cannot be ruled out in healthy volunteers even though probability of CAD would be rather low, since they were clinically asymptomatic. Lastly, the LDL cholesterol was calculated from Friedewald's equation and was not directly measured.
In conclusion, our findings showed that Indian patients with established CAD have higher sdLDL levels compared to healthy individuals despite having comparable LDL levels. sdLDL is an independent risk factor for CAD and levels [10. 02 mg/dL are associated with significant CAD. This being small study further studies are needed to evaluate the cut off level for sdLDL. It is suggested to look beyond traditional lipid profile and estimate sdLDL which may assist in identifying a higher risk population especially in absence of other known risk factors.
